Abstract The soluble (sCo < 0.02 μm), dissolved (DCo < 0.2 μm), colloidal (cCo, as DCo minus sCo), and the particulate (pCo > 0.2 μm) fractions of cobalt were investigated along the GEOTRACES-A04 section. Our results show that sCo was the predominant form (90%) of the DCo in the Mediterranean Sea and that cCo and pCo generally followed the same distribution, suggesting a biogeochemical link between these two fractions. In the Mediterranean Sea, DCo displayed an overall scavenged-like profile in the different sub-basins, with high concentrations (up to 350 pM) in surface and quasi-uniformed low concentrations of DCo (~45 pM) in the deep sea. However, the decoupling between the surface and the deep reservoirs suggested that the transfer of Co from dissolved to particulate pools during the sink of particles may not be the only process governing DCo distribution. High-surface Co inputs, stabilization of DCo in a soluble form, and the extremely high regeneration rate of biogenic pCo all lead to the accumulation of DCo in surface. Conversely, low pCo export from the surface waters, low remineralization of biogenic pCo, and slow but efficient removal of DCo by scavenging including colloid aggregation into particles prevented its accumulation in the intermediate and deep sea. Moreover, Mediterranean circulation prevented the exchanges between the DCo-rich surface and the DCo-poor deep layers enhancing the scavenged-like profile of DCo. Finally, tentative DCo budgets were balanced at basin scale and showed the strong imprint of the surface inputs at Gibraltar Strait on the Mediterranean cobalt biogeochemistry.
Introduction
Cobalt (Co) is a key element for marine life. It is the central atom of the B 12 vitamin, a biomolecule used in several biological pathways [Raux et al., 2000; Martens et al., 2002] . B 12 abundance is suspected to play a role in phytoplankton growth, productivity, and diversity Panzeca et al., 2006; Bertrand et al., 2007; Gobler et al., 2007] , and Co availability could be a key factor regulating the biosynthesis pathway of this vitamin [Panzeca et al., 2008] . Moreover, Co can be substituted for zinc or cadmium as cofactor in carbonic anhydrase and likely in alkaline phosphatase [Price and Morel, 1990; Sunda and Huntsman, 1995; Yee and Morel, 1996; Lane and Morel, 2000; Lane et al., 2005; Gong et al., 2005] , two enzymes involved in the acquisition of inorganic carbon and phosphate, respectively. The cyanobacteria Synechococcus and Prochlorococcus are known to primarily require Co for their growth [Sunda and Huntsman, 1995; , and they can represent an important part of the primary production in oligotrophic waters [Goericke and Welschmeyer, 1993] . Thus, primary production can be significantly cobalt-dependent in oligotrophic marine systems. In the oligotrophic Mediterranean Sea (MS), which is known to be one of the least productive marine systems of the world [Bethoux et al., 1998 [Bethoux et al., , 2002 , and particularly sensitive to anthropogenic forcing even at short time scales [MerMex group, 2011] , the cyanobacteria Synechococcus and Prochlorococcus represent a high proportion of the biomass [Ignatiades et al., 2009; van de Poll et al., 2015] , thereby enhancing the biological utilization of Co. Moreover, elevated B 12 surface concentrations recorded in the MS were linked, among others, to high surface dissolved cobalt (DCo) concentrations [Bonnet et al., 2013] , further suggesting that Co is a key parameter of the Mediterranean ecosystem.
Despite these indirect evidences on the biological importance of Co, its biogeochemistry is poorly documented in the MS. Previously reported DCo surface concentrations are elevated compared to other oligotrophic domains and increase eastward from the Western Basin to the Aegean Sea [Tovar-Sánchez et al., 2014] . Atmospheric inputs and Gibraltar Strait surface fluxes are thought to be the main sources and scavenging to be the main sink of DCo [Zhang et al., 1989; Guieu et al., 1997; Elbaz-Poulichet et al., 2001a , 2001b . In addition, other external inputs such as submarine ground water discharge and riverine inputs might also be sources of DULAQUAIS ET AL.
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Co to the MS [Elbaz-Poulichet et al., 2001b; Rodellas et al., 2015] . Full-depth scavenged-type profiles of DCo with local maxima close to the bottom were reported in the Western Basin, but data remain scarce and scattered [Ngoc and Whitehead, 1986; Zhang et al., 1989; Morley et al., 1997; Heimbürger et al., 2011] , while the distribution of DCo in the Eastern Basin is actually unknown. Moreover, all the previous DCo analyses were performed on non-UV-treated samples, likely leading to underestimated concentrations [Vega and van den Berg, 1997] . Furthermore, to our knowledge, there is actually no published data of the size partitioning of DCo between the soluble and the colloidal fractions and there is also no available data of Co in suspended particles in the MS. As a result, many questions on the Mediterranean biogeochemical cycle of this bioessential element remain unresolved.
The purpose of this study is to design a synoptic view of the biogeochemistry of Co in the MS. To this aim, we investigated the zonal and vertical distributions of DCo and particulate Co (pCo) in the different sub-basins of the MS, with the exception of the Adriatic Sea and the Northwestern Basin. Here we report the most comprehensive DCo data set and the first measurements of particulate and soluble Co in the MS, along the GEOTRACES-A04 section ( Figure 1 ). We used these data to identify the main sources, sinks, and processes governing the surface and the deep water distribution of cobalt and finally propose a DCo budget at basin scale.
Methods
Cruise Track and Sampling
Samples were collected aboard the Dutch R/V Pelagia along the GEOTRACES-A04N section ( Figure 1 ) spreading from the Northeast Atlantic (14.2°W, 39.7°N) to the Marmara Sea (27.5°E, 40.8°N). The first cruise (64PE370, Leg 1) was conducted from 14 May to 5 June 2013 and the second (64PE374, Leg 2) from 25 July to 11 August 2013. A total of 56 stations were sampled for phosphates (PO 4 3À ), 29 stations for DCo among which 9 stations were subsampled to investigate the partitioning between soluble (sCo) and colloidal (cCo) cobalt. In addition, 17 stations were sampled for particulate trace elements (Co, P, Mn, Al, and Fe) and 10 for surface particulate organic carbon and nitrogen determination. The locations of the sampling stations are shown in Figure 1 . All samples were collected by using the TITAN conductivity-temperature-depth (CTD) frame of Nederlands Instituut voor Onderzoek der Zee (NIOZ, Netherlands), with 24 ultra-clean sampling PRISTINE bottles of 24 L each made of polyvinylidene (PVDF) and titanium . After deployment the TITAN system was moved to a Class 100 container for subsampling [de Baar et al., 2008] . Here all 100 samples were collected by using inline filtration under N 2 pressure (filtered 99.99% N 2 , 0.7 atm).
Seawater was filtered through 0.2 μm Sartobran 300 cartridges (Sartorius) for DCo analyses and collected in acid-cleaned 250 mL low-density polyethylene (LDPE) Nalgene ® bottles. At selected stations, sCo samples were collected in acid-cleaned 60 mL LDPE Nalgene ® bottles by connecting a 0.02 μm Virosart CPV MidiCaps Sartorius cartridge inline to the 0.2 μm Sartobran 300 cartridge. Before collection, acid-cleaned sample bottles were rinsed 5 times with sample seawater. All seawater samples were then acidified by using ultrapure ® HCl at 0.01 M (Merck) within an hour after their collection. Finally, the acidified samples were stored Global Biogeochemical Cycles
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double bagged in the dark and ambient temperature until analyses (2-3 months after collection) in the shore-based laboratory.
Particulate trace elements were collected after filtration of 4 to 15 L of seawater through 47 mm diameter polyester sulfone filters 0.22 μm pore size (PES, Supor) mounted with Teflon pliers on Teflon filter holders (47 mm, Savillex). Filter holders were connected inline to the PVDF samplers. Prior to sampling, the entire sampling equipment used to collect particles was acid cleaned by using 0.1 M Suprapur ® HCl (Merck) and subsequently rinsed with sample seawater. Immediately after filtration, filters were stored at À20°C in doublebagged acid-cleaned and dried PetriSlides ® (Millipore). All filters were acid cleaned following the method of Planquette and Sherrell [2012] and stored in a Teflon beaker filled with ultrapure water (18.2 MΩ cm, Millipore). Process blank filters were systematically collected at every sampling station as described in Planquette and Sherrell [2012] , for a deep (typically 1500 m) and a surface sample (50 m). To this aim, the Teflon filter holder was connected to the filtration cartridge (0.2 μm, Sartobran ® 300). The standard volumes for these flow-through blanks were 10 L and 5 L, respectively, for deep and surface waters.
Particulate organic carbon and nitrogen samples were collected after inline filtration of seawater (1 to 2 L) through 47 mm precombusted (450°C, 4 h) Whatman GF/F filters mounted onto acid-cleaned polyethylene sulfone filter holders. Prior to collection, acid-cleaned filter holders were rinsed with seawater samples. Process flow-through blanks (1 L) were sampled following the same procedure as described for particulate trace elements. The GF/F filters were then stored at À20°C in precombusted receptacles.
Hydrography and Phosphate Analysis
The hydrological parameters (salinity (S), temperature, dissolved oxygen (O 2 ), and fluorescence) were measured by using an SBE911+ CTD system. PO 4 3À samples (unfiltered) were collected in 125 mL polypropylene bottles and were typically analyzed within 18 h on a Seal Analytical QuAAtro autoanalyzer following the colorimetric methods of Grasshoff et al. [1983] for PO 4
3À
. Accuracy and precision of the measurements were assessed by measuring an in-house mixed nutrient standard and the reference material (Reference Material for Nutrients in Seawater (RMNS), lot BU) supplied by KANSO (Japan). Reproducibility of the method was better than 1%, and nutrient concentrations measured for the RMNS were in agreement with consensus values.
Determination of Dissolved and Soluble Cobalt
Prior to analyses, the DCo and sCo samples were UV-oxidized for 3 h in acid-cleaned silica tubes with Teflon caps, using a high-pressure mercury vapor lamp [Dulaquais et al., 2014a] . The samples were then analyzed within 24 h by flow injection analysis and chemiluminescence detection following the method described in Dulaquais et al. [2014a] . Briefly, analytical reagents were prepared by using high-purity Milli-Q water and trace metal quality reagents under a laminar flow hood (ADS Laminaire, International Organization for Standardization 5 class). All reagents were prepared daily and stored overnight to allow temperature equilibration before analysis. Due to the wide range of DCo concentrations, the samples collected below 500 m and above 500 m were calibrated against a 6-point calibration curve made with standard additions up to respectively 120 pM and 400 pM of cobalt added to artificial and Chelex-cleaned seawater. Calibrations were run before and after each series of 8 to 12 samples which included a duplicate sample spiked with 50 pM of cobalt. For blank correction, two reagent blanks were analyzed in acidified deionized water at the beginning and at the end of each series [Bown et al., 2011; Dulaquais et al., 2014a] . The samples were measured in triplicate, and the mean peak heights corrected for the blanks were used to estimate the concentrations. The final standard error (SE) of the measurement is calculated by an error propagation by using the errors on blanks, the calibration curves, and the deviation of the triplicate analyses. Small colloidal Co concentrations (cCos) were calculated by subtraction of sCo from DCo. cCo was operationally defined in this study as the DCo between 0.02 μm and 0.2 μm. The standard deviation of cCo was determined by following equation (1). Pair t test was performed between sCo and DCo data sets in order to ensure that the two data sets were significantly different. The results indicate that cCo data set can be used with 95% confidence (p < 0.05, t value = 8.52, and critical t value = 1.98).
where SE DCo and SE sCo are the standard deviations of DCo and sCo measurements, respectively.
Global Biogeochemical Cycles
10.1002/2016GB005478
The mean reagent blank (based on all blank determinations) for sCo and DCo was 4.4 ± 1.8 pM (n = 87). The limit of detection of the method which was defined as 3 times the standard deviation of the mean reagent blank was therefore 5.4 pM. Before each series of samples, the accuracy of the calibration curve was checked by analyzing one reference sample collected during SAFe program or the GEOTRACES program. These reference samples were UV-digested and analyzed following the same protocol as our samples. The mean DCo concentration values measured in SAFe S and D1 and in surface reference and deep reference samples were 5.1 ± 2.2 pM, 42.3 ± 1.4 pM, 29.8 ± 2.0 pM, and 63.2 ± 2.3 pM, respectively. These results are in excellent agreement with the consensus values (see more details in Table S1 in the supporting information). Finally, the analytical precision of the method was determined from repeated analyses of the same sample collected at 1000 m depth in the Central MS (station 11a), yielding an uncertainty of ±2.1%, expressed as relative standard deviation on the mean (DCo = 47.4 ± 1.0 pM; n = 10).
Determination of Particulate Trace Element Concentrations
The particles collected onto PES filters were digested, following the procedure described in Planquette and Sherrell [2012] . Manipulations were performed within a class 100 clean hood. The filters were placed alongside the walls of rounded bottom screw cap Teflon PFA vials (30 mL, Savillex ® ), wherein 3 mL of an acid solution was added (HNO 3 8 M, Merck Ultrapur ® ; HF 2.9 M, Merck Suprapur®). The vials were then closed and heated at 130°C on a Teflon thermostated plate during 4 h in a Class 100 all plastic fume hood. After a cooling step, the vials were opened and heated at 110°C to evaporate the acid solution to near dryness. Then, the residual filters were removed and 6 mL of 0.8 M HNO 3 solution spiked with indium (1 ppb) and rhenium (10 ppb), used as drift monitor, was introduced in the vials and then transferred into acid-cleaned 15 mL polypropylene tubes (Corning ® ) for archiving before analysis.
Trace element analyses were performed on a sector field inductively coupled plasma-mass spectrometry element 2 (Thermo). In this study, only the low resolution mode for Cd and Pb and medium resolution for other element were used. On the day of analysis, 500 μL of archived solution was diluted with 3 mL of HNO 3 (0.8 M, ultrapure Merck) solution in acid-cleaned polypropylene tubes (Corning ® ). Every eight samples, a replicate as well as a tube blank were prepared. Given the variability of concentration range and elemental ratios in the environment, two multielemental solutions were prepared from single-element primary standard solutions. All working solutions for calibration were prepared gravimetrically from 10 or 1000 mg L À1 National Institute of Standards and Technology traceable primary standards purchased from high purity standards and diluted to appropriated concentrations with 0.8 M HNO 3 , ultrapure Merck. To avoid potential cross contamination when mixing high-and low-concentration standards, two separate multielement standard curves were constructed: one with high concentration for Al, P, Ca, Fe, Sr, and Ba and another with low concentrations for Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Cd, Mo, Pb, and Zr. The two 10-point external standard curves were prepared from multielement mixed standard stock solutions spiked with Indium (1 ppb). The ranges of the calibration curves covered 2 orders of magnitude of the expected range in the environmental samples and were run at the beginning, the middle, and the end of each sequence. Reproducibility of the method was determined by rerunning the same sample after each series of eight samples. The reproducibility for each element was always <10%. Flow-through process blanks were respectively 4599, 4413, 323, 2172, 902, and 8.15 pmol per filter for Al, P, Mn, Fe, Ti, and Co. Accuracy was checked with certified reference material Bureau of Reference 414a (see Table S2 ).
Determination of Particulate Organic Nitrogen and Carbon Concentrations
Before analysis, the filters were placed in a desiccator with fuming HCl Normapur (10 N, Merck) during 4 h to eliminate the inorganic phase. After that, the filters were dried in an oven for 24 h (60°C). Particulate organic carbon (POC) and particulate organic nitrogen (PON) concentrations were quantified by using a mass spectrometer (Delta+, ThermoFisher Scientific) coupled to a C/N analyzer (Flash EA, ThermoFisher Scientific) via a type III interface. The limits of detection, estimated as 3 times the standard deviation of the mean reagent blank, were on average 0.51 and 0.06 μmol L À1 for POC and PON concentrations, respectively.
General Hydrography
Eastern Atlantic and Gibraltar Strait
Surface waters (0-200 m) in the Eastern Atlantic were relatively salty and less dense than the underlying North Atlantic Central Water (NACW) (Figure 2a) . NACWs, mostly composed of Antarctic Intermediate
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Water (AAIW), were flowing northward across the Eastern Atlantic and were located between 400 and 750 m (Figure 2a ). This water mass has a lower salinity (Figure 2a ) [Tsuchiya et al., 1992] van Aken, 2000b] . The Northeastern Atlantic Deep Waters (NEADWs) were observed between 1500 and 2500 m. Below 2500 m, the Lower Deep Waters (LDWs) are mixed with Antarctic Bottom Water (AABW) and follow a northward pathway [Mantyla and Reid, 1983; McCartney, 1992; Schmitz and McCartney, 1993] .
Although water fluxes reported at Gibraltar Strait vary depending on the study (see review of Ribera d'Alcalà et al. [2003] ), most studies give similar estimates for the net water inflow. Indeed, the net inflow has been estimated to be 0.057 ± 0.009 Sv (1 Sv = 10 6 m 3 s À1 [Boutov et al., 2014] ) and it balances the net evaporation rate of 50-100 cm yr À1 in the MS (Figure 2c [Mariotti et al., 2002] ). The Atlantic Waters (AWs) enter the MS via the Strait of Gibraltar in the top 160 m, whereas the MOW outflow occurs below 160 m depth [Bryden and Kinder, 1991] . 
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Mediterranean Sea
Based on its stratification, the water column of the MS can be defined as a three-layer system [Ribera d 'Alcalà et al., 2003] , with a surface (0-200 m), an intermediate (200-600 m), and a deep (600 m to bottom) layer. The general hydrography of the section has been described in great detail in Taupier-Letage [2005a, 2005b] and in Rolison et al. [2015] . Here we describe briefly some of the key features.
The surface circulation of the MS is mainly driven by incursion of the AWs that follow the continental slopes in a counterclockwise circulation (Figure 2b ). Along their transport, AWs are modified by the strong evaporation in the Eastern Mediterranean Basin, leading to the warmest and saltiest surface waters observed close to Rhodes Island (Figure 2b ). AWs are also modified by mixing with the low-density Black Sea waters in the North Aegean Sea and with the freshwaters of the Pô River in the Adriatic. The surface Mediterranean Sea is highly stratified from spring to late fall, and the residence time of surface waters is short on the time scale of decades [MerMex group, 2011] . Thus, hydrographic exchanges between surface and deeper waters are limited, and they predominantly occur where intermediate and deep waters are formed or with upwelling cells that mix intermediate waters with the surface AW [Millot, 1987] in the Western Basin. Both the northeastern and northwestern parts of the MS are subject to intense dry and cold Northern winds during winter, generating cold dense waters prone to deep convection. Wind stress is especially intense in the north Levantine Basin, southeast of Rhodes Island. There, the AWs are the warmest and the saltiest ( The Bernoulli effect at Gibraltar Strait [Kinder and Parrilla, 1987] is responsible for the more intense circulation and the shorter residence time of deep waters in the Western Basin (~25 years) [Bethoux, 1980] compared with the residence time in the Eastern Basin (~140 years) [van Cappellen et al., 2014] . The Mediterranean circulation is summarized in a simplistic hydrologic six-box model that is used in this study (Figure 2c ). Global Biogeochemical Cycles
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precipitation of sCo into small colloids. Nevertheless, cCo concentrations were extremely low below 1200 m depth and sCo precipitation may have been restricted only to the lower edge of the low-oxygenated layer.
In the MOW, a DCo signature of~55 pM solely occurring as sCo was recorded (Figures 3 and 4a) . DCo increased westward in the MOW (Figure 4) , as a result of mixing with the DCo-rich NACW. Below 1500 m, relatively high DCo concentrations recorded in the core of the young NEADW ( Figure 4a ) were likely due to the influence of the LSW [ van Aken, 2000a] , a water mass enriched in DCo [Dulaquais et al., 2014a] . Finally, DCo concentrations decreased slowly between 2000 m and the seafloor, likely resulting from the spreading of LDW influenced by AABW [ van Aken, 2000a] , a water-mass depleted in DCo [Dulaquais et al., 2014a] . Close to the bottom, both cCo and pCo increased and sCo decreased (Figure 3 ), suggesting sediment resuspension and net sCo adsorption/precipitation in this area.
On the West side of Gibraltar Strait (station 4a; Figure 3 ), the top 25 m were characterized by high DCo concentrations (~70 pM) associated with relatively high particulate aluminum and iron concentrations (pAl = 8.9 nM, pFe = 2.3 nM). These relatively high concentrations likely reflect the lithogenic influence of the Spanish shelf as dust input tends to be low in this area [Guieu et al., 2010] . In the Chl a max (60 m depth), DCo dropped to 53 pM. While cCo stayed constant (7-10 pM), sCo strongly decreased, and both pCo and particulate phosphorus (pP) concentrations increased (pCo = 3.4 pM; pP = 46.8 nM), indicating that sCo may be utilized by the phytoplankton community. Deeper, at 115 m, the Gulf of Cadiz Waters (GCWs; salinity of Global Biogeochemical Cycles
36.4 and a temperature of 16°C [Morley et al., 1997] ) contained high concentrations of DCo (>100 pM) as previously reported for other trace elements [Boyle et al., 1985; Van Geen et al., 1991; Elbaz-Poulichet et al., 2001a] . Interestingly, cCo accounted for half of these high DCo concentrations (Figure 3) , suggesting an intense release of cCo from the shelf system in the Gulf of Cadiz. Deeper, typical DCo concentrations were recorded in the different water masses, with a concentration of~70 pM in the NACW (Figure 4a ) and low concentrations at the bottom in the MOW outflow (~45-50 pM). Again, close to the bottom depth, cCo and PCo increased, whereas sCo decreased, which we attribute to sediment resuspension (Figure 3) . 4.1.2. Alboran Sea (Stations 5a and 6a) On the eastern side of the Gibraltar Strait (station 5a), subsurface DCo (10 m depth) concentrations were very high (>130 pM) compared to concentrations in the surface waters of the Eastern Atlantic (Figures 3 and 4a) .
Here high subsurface concentrations in particulate aluminum, iron, manganese, lead, and chromium (pAl = 236 nM, pFe = 56 nM, pMn = 1.7 nM, pPb = 20 pM, and pCr = 171 pM) suggest the input of lithogenicand anthropogenic-influenced particles. Since this area also receives a low input of Saharan dust [Guieu et al., 2010] , these subsurface-enhanced DCo concentrations can be attributed to a strong riverine and shelf enrichment of the penetrating AWs during their transport in the Gulf of Cadiz, as previously shown for other trace metals [van Geen et al., 1988] . Moreover, the mining activities in the Iberian Pyrite Belt are known to increase the trace element concentrations of southern Spanish rivers [Braungardt et al., 2003 ] which enhance trace metal concentrations in the penetrating AW [Elbaz-Poulichet et al., 2001a] ; thus, the DCo enrichment of AW is probably forced by anthropogenic activities.
Interestingly, in the Eastern Alboran Sea (station 6a, Figure 4a ), surface DCo was significantly lower in the upper 100 m (~117 pM) compared with station 5a closer to the Gibraltar Strait. The eastward decrease of surface DCo could be related, among other processes, to biological uptake of sCo and subsequent export of the biogenic material during the transport of the AW. Indeed, these waters were characterized by a high biomass [van de Poll et al., 2015] , a strong decrease in sCo concentrations toward the deep Chl a max (sCo = 84.1 pM), and high pCo and pP concentrations (Figure 3 ; PCo > 17 pM, pP > 40 nM), indicating high biological uptake of sCo in this area (Table 2) . Intermediate (200-600 m) and deep (600-1000 m) waters of the Alboran Sea showed similar DCo concentrations as those found in other areas of the MS (Table 1) , and DCo strongly decreased with depth (Figures 3 and 4a) . Here the westward advection of low DCo in deep waters and the eastward transport of DCo rich surface waters ( Figure 4a ) create a strong vertical gradient of DCo concentration, resulting in an apparent scavenged-like DCo distribution. A similar process was also observed in the Western Atlantic [Dulaquais et al., 2014a] . Close to the seafloor, strong DCo enrichment (mostly as sCo) coincided with high pCo concentrations at station 5a ( Figure 3 ) and, to a lesser extent, at station 6a, indicating sedimentary inputs of sCo and pCo in this area.
DCo Fluxes at Gibraltar Strait
From the Atlantic to the Alboran Sea, the eastward surface DCo concentrations strongly increase (Figures 3a-3c , and 4a), showing that the advection of AW enriched in DCo is an important source of Co to the MS. In order to quantify these inputs, we have estimated the DCo fluxes across the Gibraltar Strait. The entrance of the strait could not be sampled during the cruise; therefore, we assumed that surface DCo concentrations at station 5a (0-100 m, S < 37.4, DCo = 133.0 ± 12.2 pM, n = 6) are representative for the inflowing AW at the strait. The salinity balance between station 3a and station 5a was checked in order to ensure that the rest of the MS is not affecting surface DCo concentrations at station 5a. Using the mean surface water inflow of 0.81 Sv determined by Soto-Navarro et al.
[2010], we estimated an input of 9.3 ± 0.9 · 10 3 mol DCo d À1 to the MS. The outflow flux of DCo was estimated at 4.5 ± 1.4 · 10 3 mol DCo d
À1
, using the mean DCo concentration recorded in the LIW of the Alboran Sea (mean DCo 200-600m = 68.2 ± 20.7 pM) and a mean outflowing water flux of 0.76 Sv [Soto-Navarro et al., 2010] . Similar to other studies [Elbaz-Poulichet et al., 2001b; Gómez, 2003] , these estimations suggested that Gibraltar Strait acted as a net source of DCo (~4.8 ± 1.5 · 10 3 mol DCo d À1 ) for the MS. Our estimation is 20% higher than the estimation of Gómez [2003] which could be expected since DCo was analyzed after UV digestion of the samples in our study, unlike in the other studies.
Biogeochemistry of Co in the Mediterranean Sea
In the entire MS, the distribution of DCo showed high surface concentrations (DCo > 100 pM and up to 353 pM) decreasing with depth to a quasi-constant concentration (~45 pM) in deep waters (Table 1 and Figures 4b and 4c) , resulting in a scavenged-type profile (Figure 4 ). Size partitioning shows that DCo
Global Biogeochemical Cycles 10.1002/2016GB005478 mainly consisted of sCo (Figure 4d ), but cCo represented a substantial fraction of DCo in the surface and bottom layers (Figures 3 and 4d) . The pCo concentrations were low in open sea and followed the same distribution of that of cCo (Figure 3) . Nevertheless, despite similar trends, specific features were observed in the spatial distribution of the different Co fractions across the MS.
Through the Gibraltar Strait, AWs provide a "preformed" DCo concentration of~130 pM to the Mediterranean surface layer, then along AW pathway (Figure 2b ), the surface mean DCo concentrations (0-200 m) increased eastward to up to~200 pM in the Cretan Sea and decreased in the westward return flow of the AW to as low as~100 pM in the central Western Basin (Figures 4 and 5a) . Considering a simplistic but realistic AW circulation (Figure 2b ), the variations of surface DCo concentrations along AW pathway could be explained by more intense sources (atmospheric inputs, regeneration, and margin inputs) in the southern part of the MS and more intense sinks (biological uptake and surface to deep export) in the northern part. In the intermediate layer, higher DCo concentrations were recorded in the Cretan Sea compared to those in the other sub-basins (Table 1 and Figure 4a ). There, LIWs are newly formed by downwelling of DCo-rich surface waters and then 7.8 ± 5.0 14.4 ± 8.2 10.5 ± 7.0 9.3 ± 11.3 5.6 ± 2.4 ND ND n = 8 n = 8 n = 6 n = 21 n = 6 (2.8-14.4) (3.4-25.5) (0-18.7) (0-39.1) (1.9-8.0) pCo (pM) 11.9 ± 8.3 24.4 ± 50.6 3.7 ± 1.5 4.6 ± 7.2 5.1 ± 0.9 12.1 ± 17.2 10.5 ± 7.0 n = 6 n = 8 n = 4 n = 7 n = 2 n = 4 n = 6 (2.7-22.9) (1. 53.8 ± 9.2 60.5 ± 6.2 69.6 ± 7.7 85.9 ± 21.0 60.1 ± 6.4 ND ND n = 4 n = 2 n = 3 n = 7 n = 2 (46.2-66.2) (56.1-64.9) (63.3-78.2) (48.8-114.4) (55.4-64.6) cCo (pM) 1 ± 0.2 13.7 ± 3.6 0.5 ± 0.8 10.4 ± 8.0 6.1 ± 0.9 ND ND n = 1 n = 2 n = 3 n = 7 n = 2 (11.2-16.3) (0-1.5) (3.8-24.5) (5.5-6.7) pCo (pM)
13.3 ± 1.5 4.3 ± 2.9 1.3 ± 0.1 5.25 ± 0.5 2.3 ± 0.2 11.4 ± 2.0 18.0 ± 3.3 n = 2 n = 2 n = 1 3.1 ± 1.6 10.3 ± 12.3 BLD 17.2 ± 18.6 1.5 ± 0.8 ND ND n = 2 n = 6 n = 7 n = 14 n = 5 (1.9-4.2) (1.4-27.7) (1.4-72.3) (0.7-2.6) pCo (pM) 18.6 ± 6.1 7.2 ± 6.1 3.2 ± 0.3 7.4 ± 8.4 2.3 ± 0.2 6.0 ± 0.6 n = 4 n = 4 n = 1 n = 7 n = 4 n = 1 (11.4-25.3) (0.8-15.3) (1.2-22.2) (2.0-2.4) a Numbers in brackets are ranges of concentrations. ND and BLD mean not determined and below detection limit, respectively.
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spread across the different sub-basins. Deep-sea enrichment was also observed in the North Ionian Sea and, to a lesser extent, in the Cretan Sea (Figure 4a ). The deep convection of intermediate waters in these areas may transport DCo to the deep sea. Finally, close to the seafloor and close to margins, high pCo and slight enrichments of DCo (Figure 3 and 4a) were measured, reaching up to 158.5 pM and 106.7 pM, respectively. In the following sections, the various processes responsible for the observed distributions are discussed.
Atmospheric Deposition
Atmospheric deposition is generally not considered to be important as a source of DCo to the surface open ocean [Saito and Moffett, 2002; Shelley et al., 2012; Dulaquais et al., 2014b] . However, this input can be significant in the MS since it receives extremely high dust fluxes due to its proximity with the Saharan desert [Chester et al., 1977] . The atmospheric deposition rate of DCo is relatively well documented in the Western Basin of the Mediterranean Sea [Guieu et al., 1997; Migon et al., 1997; Heimbürger et al., 2011] . Using an area of the Western Basin of 0.85 · 10 12 m 2 , a mean atmospheric flux of total Co determined by Migon et al. [1997] , and a partitioning coefficient given by Guieu et al. [1997] , the total atmospheric input of DCo can be estimated to 2.2 · 10 3 mol DCo d À1 for the Western Basin, as described in Heimbürger et al. [2011] . This estimation is in accordance with the study of Elbaz-Poulichet et al. [2001b] , who estimated a total atmospheric input of DCo ranging from 0.7 to 5.2 · 10 3 mol DCo d À1 based on the study of Guieu et al. [1997] . As far as we know, ).
Atmospheric deposition probably accounts for the eastward increase of DCo concentrations along the AW pathway (Figures 4b and 5a) , and the vertical distribution of cCo which generally showed enrichment in the upper 25 m (Figure 3) suggests that the atmosphere could be a source of colloidal Co in the surface layer. Moreover, the deposition of dust may have also impacted pCo and other particulate trace elements, as suggested by subsurface enrichment (Figures 3 and 7) . The strong correlations recorded between pCo and pAl or pMn in the mixed layer (pCo/pAl = 0.2 · 10 À3 M/M, R 2 > 0.9; pCo/pMn = 45 · 10 À3 M/M, R 2 > 0.9) gave slopes in the range of the Co:Mn and Co:Al ratios measured in Mediterranean aerosols [Guieu et al., 1997; Güllü et al., 2000; Heimbürger et al., 2010] , strongly supporting a lithogenic origin of pCo in the mixed layer. Nevertheless, the atmospheric deposition of trace elements is known to vary geographically and temporally in the MS [Guieu et al., 2010] ; thus, an accurate estimation of this flux is difficult to process. The regional sea-surface atmospheric deposition of Co and other trace elements in the Mediterranean Sea will be estimated by using a new model based on surface pAl data set and discussed in details elsewhere [Dulaquais et al., in prep.] .
Biological Uptake
Biological uptake is known to be a sink of DCo in oligotrophic waters and an internal source of pCo [Noble et al., 2008; Bown et al., 2011; Dulaquais et al., 2014b; Twining et al., 2015] . In the upper 200 m where Chlorophyll a was higher than 0.1 mg m À3 (called productive layer hereafter), the pP and pCo to pAl and to particulate titanium (pTi) ratios (see Figure S1 in the supporting information) were clearly higher (0.5 M/M < pP/pAl < 38.4 M/M; 0.2 mM/M < pCo/pAl < 9.1 mM/M) than those found in the upper continental crust (pP/pAl = 0.02 M/M; pCo/pAl = 0.1 mM/M) [Rudnick and Gao, 2003] . Knowing that pAl and pTi are driven by lithogenic inputs [Dammshäuser et al., 2013] , these results suggest that both P and Co were mainly associated with the biogenic fraction. We estimated the biogenic pCo (pCo biogenic ) and pP (pP biogenic ) following equation (2).
where pX is the particulate concentration of X, X/Al aerosols is the elemental ratio between X and Al in Mediterranean aerosols (after Güllü et al. The POC/PON/pP biogenic ratios (called hereafter C/N/P) measured in suspended particles (Table 2) were similar to those reported by Pujo-Pay et al. [2011] in the two Mediterranean basins, and they also fitted with the elemental composition of phytoplankton and bacteria [Sañudo-Wilhelmy et al., 2001; Ho et al., 2003; Bertilsson et al., 2003; Twining and Baines, 2013] reported for the main species that dominated along the section (Table 2  [ van de Poll et al., 2015] ). Hence, the biogenic pCo to C/N/P ratios measured in the suspended particles of the productive layer could be used to determine the Co/C/N/P biological stoichiometry and to estimate the biological demand for Co in the different sub-basins of the MS.
Along the section, the respective mean particulate ratios of Co to phosphorus (Co/P) and Co to organic carbon (Co/C) were 228 ± 159 μmol mol À1 (n = 35) and 2.0 ± 1.3 μmol mol À1 (n = 20) in the productive layer, with values ranging between 12 and 644 μmol mol À1 and between 0.2 and 6.1 μmol mol À1 . The high biodiversity in the different sub-basins of the MS [Ignatiades et al., 2009] likely accounted for the wide range of ratios we reported. Although in the same order of magnitude, these ratios were slightly higher than the elemental composition of phytoplankton reported in culture experiments (Co/P = 190 ± 32 μmol mol À1 ;
Co/C = 1.5 ± 0.5 μmol.mol À1 [Ho et al., 2003] (Table 2) . Interestingly, Co/P and Co/C ratios increased eastward and reach extremely high values in the south Aegean Sea (Co/P~468 μM/M; Table 2 ). This increase is possibly due to cyanobacteria which contribution to the biomass also reached its maximum in the north Levantine Basin [van de Poll et al., 2015] . Indeed, these species are known to have an absolute requirement for Co to grow which cannot be compensated by another metal [Sunda and Huntsman, 1995; , and the extremely high Co/P (and Co/C) ratios recorded in the most Eastern Basin likely reflect the high utilization of Co by these species. Interestingly, this extremely high-surface Co/P value is similar to DCo/PO 4 ratio (560 μM/M) recorded in central Atlantic, which has been considered high for a long time compared with the other ratios recorded elsewhere [Noble et al., 2008; Bown et al., 2011; Dulaquais et al., 2014b] but which can be now explained by the occurrence of cyanobacteria. In addition, the eastward decrease of diatoms [van de Poll et al., 2015] , which have a low cellular Co quota [Ho et al., 2003; Twining et al., 2011 Twining et al., , 2015 , might also contribute to the eastward increase of Co/P and Co/C ratios. These extremely high Co/P ratios were possibly also caused by nanomolar concentrations of PO 4 3À and extremely high DCo (>200 pM) in the surface waters that may have promoted the biological uptake of DCo over PO 4
3À
and therefore increased the cellular Co/P quotas [Ji and Sherrell, 2008] and promoted the development of cyanobacteria [Ahlgren et al., 2014] .
The surface dissolved pool of Co mainly consisted in sCo (Figure 3 ) and the decrease of bioavailable Co form. Assuming that the Co/C ratios measured in suspended particles of the productive layer represent the cellular Co/C uptake ratios, the biological uptake rate of sCo (FsCo uptake ) can be determined by combining these ratios to the local primary production rate (PPR) published in the literature for the different sub-basins of the MS. The highest sCo uptake flux was estimated for the Alboran Sea (Table 2) , reaching 113 nmol m
which is consistent with the high productivity of this area and with the high abundance of Prochlorococcus and Synechococcus [van de Poll et al., 2015] . In the Levantine Basin, despite extremely low productivity (Figure 5b ), a high sCo uptake flux of 70 nmol m À2 d À1 was associated with a high abundance of Prochlorococcus [van de Poll et al., 2015] . Much lower uptake fluxes were estimated in the Northwestern Basin and in the Tyrrhenian Sea (52 and 37 nmol m À2 d
À1
, respectively). There, the biomass was relatively high (Figure 5b ), but the low particulate Co/P and Co/C ratio (Table 2 ) suggested a smaller contribution of cyanobacteria and a higher contribution of diatoms as previously observed in this area [Ignatiades et al., 2009] .
In oligotrophic areas, surface regeneration (including biological release, grazing, and cellular lysis) of biogenic pCo can lead to a significantly lower biological Co pump [Dulaquais et al., 2014b] . Yet the biological Co pump can be estimated by combining local carbon pump efficiencies (CPE; Global Biogeochemical Cycles 10.1002/2016GB005478 different sub-basins with FsCo uptake ; these estimations also provide a direct estimation of the biogenic pCo export rate if we consider that remineralization of biogenic pCo occurs in intermediate water [Dulaquais et al., 2014a] . Low intensities of the biological Co pump and thus low biogenic Co export fluxes were estimated throughout the section (≤6 nmol sCo m À2 d À1 ; Table 2 and Figure 5c ). The biological Co pump seems to be more intense in the Alboran Sea, the Northwestern Basin, and in the Levantine Basin than along the African coast. The biological Co pump was significantly lower than the biological uptake, suggesting an intense regeneration of biogenic Co in the surface waters, which is in agreement with the documented high-regenerated production in the MS [Moutin and Raimbault, 2002] . Interestingly, lower mean DCo surface concentrations (Figure 5a) were measured in areas where the biological Co pump was of high intensity (Figure 5c ), suggesting a biological control of surface DCo concentrations.
Remineralization of Co
Sinking biogenic particles are generally prone to remineralization processes as often shown by the correlation between major nutrients (such as PO 4 3À ) and AOU in most marine systems [Anderson and Sarmiento, 1994] . In the MS, remineralization and accumulation of nutrients (including P) are less efficient than in other marine systems [Mermex group, 2011] , as a result of ultraoligotrophy, fast transit of water masses, and high load of mineral particles. Mineral particles can indeed protect organic carbon from oxidation and remineralization [De la Rocha and Passow, 2007] . Regarding Co, the positive correlation between DCo and AOU recorded in the intermediate Western Atlantic [Dulaquais et al., 2014a] indicated that, similarly to major nutrients, biogenic pCo can also be remineralized in the intermediate waters [Noble et al., 2008] . Interestingly, such a positive DCo-AOU correlation was not observed in this study, and instead, DCo was decreasing with increasing AOU (see Figure S2 ). The ultraoligotrophy of the MS and the short residence times of intermediate waters may account for this peculiar feature. Indeed, the low nutrient concentrations and resulting low primary production, together with a rapid regeneration of organic material in surface waters, lead to low export of biogenic pCo from the surface to intermediate waters (Table 2 ). In addition, pCo could be less efficiently remineralized than pP [Dulaquais et al., 2014a; Twining et al., 2014; Ohnemus et al., 2016] and the increase with depth of the pCo/pP ratio we measured (see Figure S2 ) possibly indicates a differential remineralization between pCo and pP. Thereby, low export and low remineralization rate of particulate Co would both act against the development of a clear positive DCo-AOU relationship in the intermediate waters of the MS. However, the total absence of remineralization of biogenic pCo is unlikely. Considering that about 38% of the POC leaving the 200 m depth horizon is remineralized before reaching the 1000 m depth horizon in the Western Mediterranean Sea [Miquel et al., 2011] and carbon is exported following a power law function with depth, and assuming there is no preferential remineralization of carbon over cobalt, the export flux of biogenic pCo (F z pCo biogenic ) across the intermediate and deep waters can be modeled following equation (3).
where z is the depth and F 200m pCo biogenic is the local flux of biological Co pump (as reported in Table 2 ).
Under this scenario, 28% of the pCo biogenic exported from the 200 m horizon could be remineralized in the intermediate layer and 17% in the deep waters (600-1500 m), resulting in total input of~0.9 · 10 3 mol DCo d at 600 m depth. These estimations are low compared to convective fluxes (see hereafter); hence, the vertical diffusion was likely not a significant process in the Mediterranean Co cycle.
In the North Ionian Basin and in the Cretan Sea, high intermediate and deep DCo concentrations were measured (DCo > 80 pM) compared to the other domains (Figure 4a ). There, EMDWs are formed by convection of intermediate waters (250-600 m) to the deep sea [Roether and Schlitzer, 1991; Lascaratos et al., 1999] . Deep convection feeding the entire deep Eastern Basin, it also provides preformed DCo to the deep sea. Considering the mean DCo concentration in the intermediate waters of the south Adriatic (106 ± 11.3 pM; n = 6) and of the Cretan Sea (110.6 ± 26.8; n = 6), the convection fluxes of DCo (FDCo convection ) can be estimated by multiplying these concentrations to the convection rate in the North Ionian Sea and in the Cretan Sea (~0.3 Sv and~0.04 Sv, respectively) [Roether and Schlitzer, 1991; Zervakis et al., 2004; Van Cappellen et al., 2014] et al., 2013] . In this basin, the deep convection could provide~6.7 ± 1.6 · 10 3 mol DCo d À1 to the deep sea.
In order to close the water budgets, upwelling of deep waters to intermediate depths needs to be considered to compensate deep convection (Figure 2c ). Mixing of upwelled DCo poor deep waters with LIW could decrease the DCo concentration of this water mass along its pathway. A simple calculation of mixing between the two DCo end-members weighted by the water flux of each water mass was used to predict the resulting DCo after mixing (see Figure S3 for details of calculation). The DCo concentrations in the LIW flowing out through the Sicily Channel (DCo LIW-SC ) and through the Gibraltar Strait (DCo LIW-GS ) were then estimated. Interestingly, our calculations provided an estimated value of 95.3 pM for DCo LIW-SC and of 71.4 pM for DCo LIW-GS , which are in excellent agreement with intermediate DCo measured at these locations (respectively 93.2 pM and 68.2 pM) and indicate that the DCo decrease along the westward pathway of LIW can be explained by mixing and dilution process. The impact of water-mass mixing on the distribution of DCo in low oxygenated intermediate layer was previously observed in the Atlantic [Noble et al., 2012; Dulaquais et al., 2014a] and recently in the Pacific [Hawco et al., 2016] .
DCo Fluxes at the Sicily Channel
The Sicily Channel connects the Western and the Eastern basins in a two-layer system with the modified AW at the surface flowing eastward and the LIW flowing over the bottom in a westward direction. Water fluxes across this strait are about 1.14 Sv and 1.1 Sv for the surface AW and the deep LIW, respectively (Figure 2c ) [Manzella et al., 1988; Astraldi et al., 1999] . Based on these estimations and on our DCo measurements on both sides of the Sicily Channel, 124.5 ± 5.5 pM (n = 6) in the eastward flowing AW and 93.2 ± 23.6 pM (n = 14) in the LIW leaving the Ionian Sea, the DCo input to the surface Eastern Basin was thus estimated to be 12.3 ± 0.6 · 10 3 mol DCo d À1 and the output at intermediate depths to be 8.9 ± 2.2 · 10 3 mol DCo d
À1
. The net input of~3.4 ± 2.3 · 10 3 mol DCo d À1 into the Eastern Basin through the Sicily Chanel was similar to the net input to the Western MS at the Gibraltar Strait.
DCo Removal in the Intermediate and Deep Sea
The adsorption of inorganic Co onto particulate MnOx and/or its oxidation into insoluble Co oxides that precipitate are major pathways of DCo removal in the deep sea [Murray, 1975] . These processes (called scavenging hereafter) can be catalyzed by manganese oxidative bacteria [Lee and Tebo, 1994; Moffett and Ho, 1996] and Figure 2c) . Values are in accordance with Bethoux [1980] and van Cappellen et al. [2014] .
b Estimated for each basin by using the mean difference between the two end-member of DCo concentrations between the intermediate and deep layer, multiplied by the volume of the deep layer.
c Estimated by following a power law function; see section 4.2.3.
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lowered at low abundance of MnOx, by the complexation of DCo with soluble strong organic ligands [Saito and Moffett, 2001 ] and perhaps at low temperatures as suggested by Saito et al. [2010] . A strong positive correlation between pCo and pMn (R 2 = 0.9; n = 43) was recorded between 50 m and the bottom depth (Figure 6 ), suggesting a similar cycling of both elements in the particulate phase and possibly a removal of DCo via the MnOx pathway. However, the concentrations of both pCo and pMn were low and tend to decrease from the surface to the deep sea, with an exception at the bottom depth ( Figure 7) . Moreover, MnO 2 concentrations, estimated by following Lam et al. [2015] method (MnO 2 = (pMn À (pTi * 0.13)), were extremely low along the section except in the Alboran Sea (Figure 7c ). These observations probably indicate that only a small fraction of DCo might be removed by MnOx pathway. A slow process of sCo precipitation in cCo is another scavenging process. Since colloids are very reactive and have very short residence times (hours to day) [Baskaran et al., 1992; Moran and Buesseler, 1992] , cCo could then sink and/or form authigenic pCo by colloid aggregation and be buried in sediments following the Brownian-pumping model [Honeyman and Santschi, 1989] . The similar depth distribution of cCo and pCo (Figure 3 ) suggests a link between these two fractions and supports the existence of a colloidal removal pathway. In this process, Co might be oxidized by manganese oxidative bacteria into Co(III), which form colloidal Co(OH) 3 in seawater. Then, colloidal aggregation of cobalt oxides can form authigenic pCo. Since DCo is almost entirely complexed by strong organic ligands in open ocean [Saito and Moffett, 2001; Bown et al., 2012] , the inorganic DCo available for oxidation is extremely low and probably supports a slow scavenging rate of DCo in the ocean compared with iron or Mn [Noble et al., 2012] . Scavenging is an important process at the time scale of the ocean (~1000 years), but being relatively slow [Noble et al., 2012] , this process might be restricted in the MS due to the short residence time of the water masses in this basin (Figure 2c ). Hereafter, we attempt to quantify the intensity of this process based on our measurements.
Due to remineralization of biogenic pCo in the intermediate waters, DCo concentrations should increase along the LIW pathway or at least be in excess compared with the theoretical DCo concentration in the LIW after mixing. Since such excess of DCo was not observed (see section 4.2.4), the scavenging must balance the remineralization and both fluxes should be equal in LIW ( Figure S3 ). DCo concentrations tend to decrease with depth suggesting that DCo was removed along the deep circulation. Since the intermediate waters feed the deep MS, the DCo removed in the deep MS can be estimated by multiplying the difference of DCo concentrations at the source (in the intermediate waters in the convection areas) and in the deep waters to the volume of the deep reservoir (600 m to seafloor; Table 3 ). Then, the daily deep removal of DCo fluxes can be inferred by dividing this DCo amount by the residence time of the deep layer (Table 3 and Figure 2c ). We estimated a removal of 1. (Table 3 ). A simple model of these processes allows weighting the partitioning between the biogenic and authigenic fractions in the sinking particles (see Figure S3 ). Our model clearly shows that the pCo reaching the sediment is mainly authigenic but still contains a substantial biogenic fraction, in agreement with studies of Mediterranean sediments [Cossa et al., 2014] . As shown by our 1-D model, scavenging can be an important process for the geochemistry of cobalt in the MS. At the scale of the ocean scavenging is responsible of the nonaccumulation of this micronutrient along the thermohaline circulation as evidenced by higher DCo concentration in the deep Atlantic than in the deep Pacific [Dulaquais et al., 2014a; Hawco et al., 2016] . Nevertheless, because this process might be slowed by low Global Biogeochemical Cycles
oxygen concentrations [Noble et al., 2012] and by organic complexation [Saito et al., 2001; Bown et al., 2012] , scavenging of DCo can be hidden by water mass mixing in area of fast circulation such as the intermediate waters of the MS and the deep West Atlantic [Dulaquais et al., 2014a] .
Benthic Input of Co
The spatial distribution of pCo and pMn in the MS (Figure 7 ) suggested a strong influence of the benthic and margin inputs on the particulate fraction as these concentrations increased toward the seafloor, close to margins and at straits (Figure 7 ). Slope currents can indeed remobilize particles from shelves and transport them 
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toward the Mediterranean circulation. The importance of remobilization and advection of enriched particulate trace metals can be illustrated by our observations at the bottom of the Sicily Strait (Figure 7) , where the highest pCo (158.5 pM), pAl (1481 nM), and pFe (439 nM) concentrations measured in the MS were observed. Local concomitant bottom relative maxima of DCo and PCo (Figures 4a and 7a ) suggested a benthic source of DCo, but it is likely not linked to sediment dissolution. Indeed, Co and Mn often cycle together in the Mediterranean sediments [Cossa et al., 2014] , as well as in marine suspended particles ( Figure 6 ). As the rate of Co desorption from MnOx is 3 times lower than that of adsorption in oxygenated seawater [Murray, 1975] , Co desorption from Mediterranean sediments after resuspension is unlikely to occur in the oxygenated bottom layer (O 2 > 180 μM). However, the reductive dissolution of MnOx in superficial sediments is known to increase the concentrations of dissolved Mn (DMn) and DCo in pore waters [Heggie and Lewis, 1984] . Sediment resuspension ( Figure 7 ) and diffusion from surficial sediments could then release DCo, probably as reduced inorganic sCo (Co(II)), from pore water to the water column resulting in enrichment in sCo above the seafloor as observed in the Alboran Sea (Figure 3) . Nevertheless, if the reduced sCo released from the sediment is not stabilized in solution by organic ligands, then the sedimentary input would only have a local effect: the Co (II) can be oxidized and precipitate as insoluble colloidal cobalt oxides (probably Co(OH) 3 ) and return to the sediments. The bottom cCo enrichment observed at several stations, notably at station 5b close to the Greek margin (Figure 3 ), could be explained by this process. The reductive dissolution and remobilization of surficial sediments could also release DMn (as Mn(II)) to the deepwater column and therefore promotes the production of MnOx by Mn (II) oxidation. These processes would enhance the adsorption rate of DCo onto MnOx surface, inducing a sink of DCo and increasing both pCo and pMn concentrations in a stoichiometric ratio. These mechanisms are proposed here to interpret the simultaneous high sCo, pCo, pMn, and MnOx concentrations measured and the strong PCo-PMn correlation (Figures 3, 6 , and 7) observed in the deep waters of the Alboran Sea. Overall, further investigation on the chemical speciation of DCo in the deep MS is required to better constrain the impact of the sedimentary impact (source/sink) at basin scale. . See text for details on calculations and uncertainties. *Estimated by weighting local biological pump by the areas of the different sub-basins. **After Elbaz-Poulichet et al. [2001b] . ***Estimated by using mean river water discharge flux [Struglia et al., 2004] and mean DCo concentrations in Pô river [Pettine et al., 1994; Tankere, 1998] (no data available for Nile river).
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Synoptic View of Co Biogeochemistry and Mediterranean Budget of DCo
Given the different processes we previously described and quantified, we attempted to design a synoptic view of the cobalt biogeochemistry and to establish a budget of DCo in the two Mediterranean basins (Figure 8) . Briefly, the modified Atlantic Waters that penetrate at Gibraltar Strait provide a large amount of "preformed" DCo to the surface MS. Along the southern coast of the MS, this concentration increased eastward due to (i) intense Saharan deposition, (ii) eastward increase of the regeneration of biogenic pCo, and (iii) possibly to margin inputs near islands. Along the northern coast, lower Saharan inputs and the decrease of biogenic pCo regeneration induce a westward decreased of DCo in surface. The riverine inputs are significantly lower than atmospheric inputs and slightly impact the surface DCo budget (Figure 8 ). In the intermediate layer, remineralization of biogenic pCo is balanced by scavenging, and the decrease of DCo concentrations from the Cretan Sea to the Gibraltar Strait along the westward transit of LIW can be explained by mixing with the deep waters. Due to remineralization of biogenic material and inorganic processes of scavenging, sinking pCo was predominantly biogenic and authigenic deeper, but a substantial biogenic fraction reaches the sediments (Figure 8) . In both basins, the convection of intermediate waters feeds the deep sea with relatively high DCo concentrations. However, slow but efficient scavenging, which may involve oxidation of inorganic sCo and formation of cCo and pCo by colloid aggregation, can prevent the enrichment of deep waters in DCo. The fast deep circulation of the MS can homogenize the distribution of DCo in deep waters, as exemplified by its apparent conservative behavior. Despite uncertainties, this budget is balanced in the two basins and at the scale of the Mediterranean Sea (Figure 8 ). This budget also highlights an important role of inputs at Gibraltar Strait on the Co cycle in the Mediterranean Sea. Together with the atmospheric input, these external sources can sustain the biological demand in the MS, in addition to provide high "preformed" DCo concentrations. This extremely high geochemical flux, which is around 2 times higher than the total atmospheric DCo inputs, is principally due to the mining activities in the Iberian Pyrite Belt [Braungardt et al., 2003 ] that enrich the watersheds and southern Spanish rivers in trace metals [Elbaz-Poulichet et al., 2001a] . However, considering the long history of this anthropogenic activity (~150 years) [Van Geen et al., 1997] and the short residence time of Mediterranean waters (<150 years), the MS is probably at equilibrium with this source nowadays.
Conclusions
This study presents the first comprehensive data set of cobalt in the Mediterranean Sea including both particulate and dissolved fractions. It also shows the first size fractionation data of dissolved cobalt in seawater, suggesting that DCo is mainly composed of soluble species (<20 nm) in the Mediterranean Sea.
Our works contributed to a better understanding of the multitude of processes beyond the apparent scavenged-type profile of DCo. For instance, strong geochemical inputs sustain the Co biological demand in surface. Scavenging and remineralization cannot be discerned from mixing process in the intermediate waters. In the deep sea, slow but efficient scavenging together with the short residence time of deep waters prevent the accumulation of DCo in this reservoir. Finally, the Mediterranean circulation has a strong influence on the cobalt distribution by reallocating the high-surface "preformed" DCo concentration to the entire basin and by homogenizing the DCo vertical distribution in the deep sea.
This study also highlights that inputs at Gibraltar Strait forced by human activities strongly imprint the Co distribution and may force its biogeochemistry. From our tentative budget, we show that the Mediterranean Sea seems to be now at equilibrium with this long-time Co pollution.
Nevertheless, additional works are needed for a better understanding and estimation of regional atmospheric and sedimentary fluxes that can play an important role in the Mediterranean Co cycle.
